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ABSTRACT
Hall, John Luke. M.S. Earth Sciences. The University of Memphis. December/ 2011.
Triassic/ Jurassic Rifting and the Initial Opening of the Gulf of Mexico. Major Professor:
Dr. Randel Cox
Initial rifting that opened the Gulf of Mexico is poorly understood. No Triassic or
Jurassic rocks crop out in the northern Gulf coastal plain so the geologic history of the
area is sparsely documented. In this study we examine the subsurface of Drew County,
Arkansas. Drew County is north of the Luann Salt and at the edge of the North American
craton. Drew County lies over a Triassic rift system that represents the opening of the
Gulf. We produced interpreted seismic profiles, structural contour and isopachous maps,
and cross-sections of the subsurface. Data show a NW-SE striking, 24 to 40 kilometers
wide graben. The structure was created during the Triassic before rifting moved south.
Cretaceous uplift by igneous activity created an angular unconformity. There is evidence
for graben reactivation into the Eocene. The structure under Drew County is a good
example of the early stages of continental rifting.
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INTRODUCTION
The early stages of the rifting that opened the Gulf of Mexico are sparsely
researched and poorly understood. While research on the Gulf of Mexico has progressed
continuously over the last century this piece of the story has received less attention due to
the fact that outcrops of rocks older than the latest Cretaceous are nonexistent east of
Oklahoma in the coastal plain. The coastal region of the Gulf of Mexico has been
extensively studied because anticlinal traps for oil and gas reservoirs caused by rise of the
Luann salt have been economically viable producers of natural gas and petroleum for
multiple decades, but the northern edges of the Gulf of Mexico where the Luann is absent
are less understood. With this in mind we propose to reconstruct the poorly understood
early stages of the rifting associated with the opening of the Gulf of Mexico. The region
is north of the northern limit of the subsurface salt. This will allow the tectonic and
sedimentary history of the northern Gulf Coast that is not related to salt flow to be
determined.
Drew County straddles the Alabama/ Oklahoma transform, presumed to be the
southern margin of the North American Craton (Thomas, 1989; Salvador, 1991). In the
subsurface of this county lies a graben that is associated with the Triassic/ Jurassic rifting
that represents the early stages of rifting associated with the opening of the Gulf of
Mexico. This area is poorly documented in the literature and the associated rift system
undescribed, so a greater understanding of the tectonic history of the region can be
achieved through the examination of this area.
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Multiple seismic profiles have been acquired and multiple petroleum exploration
wells have been drilled in Drew County, and these tools give us the ability to look into
the subsurface of Drew County to determine the geologic history of the area. The main
goals of this study are to determine the nature and timing of motion of the graben
underneath Drew County. This will allow the timing of the rifting in the region to be
constrained. This study also will determine whether the graben is presently active or at
least has some control over deposition of sediments in Drew County.

BACKGROUND
The study area for this survey is located in the area of early Gulf of Mexico
rifting. Early study on the Gulf of Mexico concluded that the basin was an ancient
structure that had existed since the Precambrian (Schubert, 1909). The Gulf of Mexico
was thought to be a foundered unit of continental crust that was inundated by the Atlantic
Ocean (Ewing, 1955). There was no data from the central and oldest part of the basin so
this idea could not be refuted until the indirect discovery of oceanic crust using gravity
and magnetic data in the central part of the basin in the 1970’s (Salvador, 1991). The age
of this oceanic crust was stratigraphically constrained to the middle or late Jurassic which
gave a much later time for the opening of the Gulf of Mexico than was previously
thought. This discovery, along with the theory of plate tectonics, changed the incorrect
view of the basin as a block of foundered continental crust to a rift and drift oceanic basin
created during the Mesozoic (Salvador, 1991).
During the Paleozoic, North America was part of the continent Laurasia which
was bordered by the ancient Iapetus Ocean (Salvador, 1991). This ocean opened during
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the Late Precambrian or early Cambrian along a northeast trending system of rifts offset
by transform faults (Thomas, 1991). Two of these large transforms exist in the north Gulf
of Mexico basin and provided a framework of weaknesses that would govern the future
shape of the southern margin of the Gulf of Mexico (Salvador, 1991). The formation of
the supercontinent Pangea affected the area of study in the Mississippian and
Pennsylvanian by the creation of the Appalachian-Ouachita orogeny (King, 1977). The
beginning of the breakup of Pangea in the Late Triassic to Middle Jurassic was the next
and last major tectonic event that affected the region that would become the present Gulf
of Mexico basin. The Mesozoic rifting was characterized by tensional deformation
allowing the creation of the system of grabens and half grabens that controlled
contemporaneous sedimentation and may have been important in later sedimentation and
geology in the region. The Mesozoic rifts delineate the extent of red bed formations in
the area such as the Eagle Mills Formation. The Triassic and Jurassic graben system
associated with the breakup of Pangea opened along the earlier Cambrian rifts associated
with the opening on the Iapetus Ocean through pre-existing weaknesses caused by the
rifts (Fig. 1)(Salvador, 1991).
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Figure 1. Distribution of Late Triassic-Early Jurassic rocks in the Gulf of Mexico
Basin. SU=Sabine Uplift, MU= Monroe Uplift, WU= Wiggins Uplift, MM= Maya
Mountains, CM= Chipas massif, DB= Desha Basin. Study area in red. Modified
from Salvador (1991).
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Figure 2. Satellite Image of the Drew County Study Area. Location shown on
figure 1. Wells are listed in table 1.
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During Late Triassic and Early Jurassic the rifting in the region formed most of
the fundamental shape of the Gulf of Mexico. The last of the oceanic crust in the basin
was formed during the Late Jurassic showing the end of active rifting in the area
(Salvador, 1991). At this time the overall tensional forces in the area ceased and
subsidence was the prevalent tectonic force in the region. The regional subsidence
affected the area until the Middle Cretaceous. While the basic structure of the Gulf of
Mexico was in place at the end of the Jurassic the northern area of the basin still
developed with the major source of change coming from the influx of sediments eroded
from the Appalachian and Ouachita mountain ranges (Mancini et al., 2008).
The Early Cretaceous marked the end of regional subsidence in the Gulf of
Mexico and began a period of relative stability (Salvador, 1991). This period marks a
massive influx of terrigenious sediments followed by later creation of large, broad
carbonate shelf deposits. While unconformities in the rocks of the era show gentle uplift
of the North American craton the overall tectonic activity of the region was negligible.
During the late Cretaceous the region experienced a reactivation of tectonic activity
(Salvador, 1991). Depositional changes and unconformities in the area were caused by
igneous intrusions and volcanic activity in the Mississippi Embayment. The uplift of the
Late Cretaceous remains in the form of the Sabine, Monroe, and Southern Arkansas
uplifts. From the end of the Late Cretaceous the region went back to a state of overall
tectonic stability. The Cenozoic was characterized by large amounts of terrigeneous
sediments carried to the Gulf of Mexico by multiple sources including the ancient
Mississippi River. The Pleistocene and parts of the Pliocene experienced multiple glacial
and interglacial fluctuations which caused eustatic changes as well as changes in
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depositional rates. From this time until the present the predominant sedimentation
patterns in the Northern Gulf region have been controlled by the migrating deltas of the
Mississippi River (Salvador, 1991).
From the Late Jurassic through the Pleistocene transgressions and regressions of
the ocean had a large impact on the character of deposition in the Gulf of Mexico basin.
These transgressions and regressions occurred over the area at least fourteen major times
causing regional unconformities and changes in environment of deposition (Mancini et
al., 2008).

Stratigraphy
The maps this survey produced required an understanding of the stratigraphic
units underlying the northern Gulf of Mexico basin (Figure 3). Triassic sediments in the
region are represented by the Eagle Mills Formation. The Eagle Mills Formation is
comprised of non-marine “red-beds” that are predominately composed of sandstones,
siltstones, and mudstones (Scott et al., 1947). The Eagle Mills can be as thick as 2000
meters in some parts of Arkansas (Salvador, 1991a).
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Figure 3. Stratagraphic column of formations in the northern Gulf of Mexico coastal plain.

The Werner-Luann evaporites, Smackover carbonates and the lower Cotton
Valley Formation represent the Jurassic period in the region. In the area of study the
Werner-Luann evaporites are not present as Drew County is north of the northern extent
of the Luann salt deposits. The Smackover Formation represents the earliest Jurassic in
the region and is composed of calcareous mudstone and limestone in its lower units and
oolitic grainstone and packstone in its upper units (McFarland, 1998). The maximum
thickness of the Smackover varies regionally. The lower part of the Cotton Valley
Formation was also deposited in the Jurassic. It is composed of terrigeneous clastic
sediments and ranges from 1000m to 2000m in thickness (Salvador, 1991a; McFarland,
1998).
The lower Cretaceous is characterized primarily by carbonates and coarse clastic
sediments originating from the drainage of the Appalachian and Ouachita mountains
(Salvador, 1991a). The upper part of the Cotton Valley Formation is in the lower
Cretaceous system. This part of the formation consists of sandstone, siltstone, and
conglomerate and is occassionaly called the Schuler Formation which is sometimes dated
to the upper Jurassic (Salvador, 1991a; McFarland, 1998). The Hosston Formation
(sometimes called the Travis Peak) is the major formation of the Lower Cretaceous. The
Hosston is composed of siltstone and sandstone and ranges from 1200m to 1500m in
thickness (McFarlan ands Menes, 1991). Formations from the Lower Cretaceous are not
present in Drew County.
Sediments from the Upper Cretaceous form a basically continuous blanket over
the northern Gulf of Mexico region and crop out widely. The sedimentation from this
period was influenced largely by eustatic fluctuations. The Tokio Formation is the oldest
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unit from the Upper Cretaceous encountered in the northern Gulf of Mexico region
(Salvador, 1991a). The Tokio Formation is composed of basal gravel overlain by
glauconitic quartz sand. The Tokio is approximately 90m thick but varies across the
region (McFarland, 1998). The Tokio is overlain by the Ozan Formation. The Ozan
consists of sandy, micareous marl and varies in thickness around the region from
approximately 50 meters to 100 meters (McFarland, 1998). This is overlain by the
Annona and then the Saratoga chalk Formations. These chalks are overlain by the
Nacatoch sand. The Nacatoch is primarily composed of unconsolidated quartz sand
deposited in a shallow marine environment, the Saratoga/ Annona chalk and Nacatoch
interval is approximately 150 meters thick (Salavador, 1991a). The youngest major
Formation of the Upper Cretaceous is the Arkadelphia Formation. It is composed of
calcareous clay, marls, and chalk and is approximately 10-20 meters thick (McFarland,
1998).
The sediments of the Cenozoic are composed of terrigeneous clastics that were
controlled by the migration of depositional systems, the fluctuation of glacial and
interglacial periods, and eustatic change. The Paleocene is represented by the Midway
shale which is approximately 250 meters thick (McFarland, 1998). The PaleoceneEocene is represented by the Wilcox Formation. The Wilcox is composed of sands and
shales depositied in a fluvo-deltaic environment and is approximately 300 meters thick
(Salvador, 1991a). The Eocene is represented by the 400 meter thick Claiborne group
which is composed of predominately unconsolidated sands with clay intervals. The
Pliocene-Quaternary represents the last major episode of deposition in the northern Gulf
of Mexico region. These units are all composed of sands, silts, and clays and vary in
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thickenss regionally (Galloway, et al, 1991). In the study area, Quaternary deposits are
alluvium in floodplains and river terraces.

METHODS
To determine the tectonic and geologic history of Drew County, wire-line well
logs were used to produce structural contour maps of the top of specific formations in the
subsurface of Drew County and seismic profiles of the county were interpreted. Contour
maps will aid in the description of the structure in the seismic profiles. Through this the
geology of the subsurface of Drew County can be reconstructed.
Petroleum exploration wire-line logs obtained from the Arkansas Oil and Gas
Commission as scanned JPEG images were used to measure depth to various
stratigraphic formations in the study area. 30 wire-line logs were available and suitable
for this survey (Table 1). To establish a baseline for the identification of specific
lithologies in the subsurface of Drew County from examination of wire-line logs, a
control well was chosen from the available wells in Drew County. The control well is
Texaco Georgia Pacific #1 (well 122, Table 1). This well was chosen as a baseline for
lithologic identification because of the deep nature (approximately 2200 meters) of the
well and the location inside of a graben underneath Drew County. The deep nature of
well #122 presents a continuous stratigraphic picture of the lithologic formations present
in the subsurface of Drew County. The location of well #122 inside of the subsurface
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graben under Drew County allows identification of any formations unique to that
structure that may not appear in wells outside of the extent of the graben.
After the establishment of well #122 as a control, cuttings from this well were
examined at the Norman F. Williams Well Sample Library in Little Rock, Arkansas using
a binocular microscope (Table 2). A printout of the geophysical log of well #122 was
used to correlate changes in the nature of log responses with changes in the lithology of
the well cuttings. Lithology of the cuttings was determined using standard well cuttings
examination tools. With the logged cuttings of well #122 and the accompanying
geophysical log, specific formations described in McFarland (1998) and Salvador
(1991a) were identified and characterized. This control well was used as a key in
correlating the tops of specific formations throughout Drew County using geophysical
data available from other wells located in the county. The well logs used for this study
appear in a spontaneous potential/ resistivity or format. While a small number of
geophysical logs exist in other formats (gamma, caliper, etc) these logs were not used in
correlation of formations. Quantitative response values of specific formations were not
used as a definitive descriptor of specific formations due to the varied nature of scales
used by logging companies in the creation of the geophysical logs, the varied types of
data collected ( for example, resistivity vs. conductivity), and the lack of any discernable
scales on certain logs. Correlation of the geophysical logs was achieved by a
predominately visual method.
Spontaneous potential responses in wire line logs vary with lithology. Shale
produces a high (positive) response while sand and carbonate formations produce a lower
(negative) response. The presence of hydrocarbons or fresh water can increase the

18

19

20

spontaneous potential response while salt water can decrease the spontaneous potential
response of a specific formation (Asquith, 2004). Resistivity (the inverse of conductivity)
response varies based on the amount of fluids present. Most minerals do not conduct
electricity so the resistivity response is directly related to the amount of fluid present in a
given lithologic formation (Asquith, 2004). The depositional sequence within a given
stratigraphic formation typically gives a recognizable pattern, somewhat like a
fingerprint, in the wire-line log response that is useful in stratigraphic correlation.
The stratigraphically highest formation that can be identified in the Drew County
logs is the Sparta Formation (Eocene Claiborne Group), and it appears in the geophysical
logs as a thick unit (up to approximately 330 meters) that is predominately sand with thin
shale units dispersed throughout. The spontaneous potential response of this unit is
consistently in the higher range of the spectrum while the resistivity/ conductivity
response varies in the mid to high range. This suggests units of fresh water-saturated
sands accompanied by confining units of shale (Fig. 4).
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Figure 4. Sparta Formation log response.

The Cane River Formation (Eocene Claiborne Group) appears as a unit of shale
with occasional sandy lens approximately 140 meters thick. The spontaneous potential
response of this Formation is in the high spectrum with sandy units showing a lower
response while the resistivity response exhibits a low to medium ranged response (Fig 5).
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Figure 5. Cane River Formation log response.

The Wilcox Formation (Eocene) is a thick unit (approximately 330 meters) that is
predominately sand with lenses of shale. Sands in the Wilcox can be clean with a low
spontaneous potential response and a medium resistivity response but can appear “ratty”
with a medium to high resistivity response in places probably due to lignite beds. Shale
lenses in the Wilcox show high spontaneous potential responses and low resistivity
responses (Fig. 6).
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Figure 6. Wilcox Formation log response.

The Midway Formation (Paleocene) is a shale unit that is approximately 300
meters thick. The Midway was used as a marker in geophysical log correlation due to its
easy identification. The Midway appears as a unit with a consistent high spontaneous
potential response and a low resistivity response (Fig. 7).
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Figure 7. Midway Formation log response

The Arkadelphia Formation (Late Cretaceous) is a sandy/limey/ shale unit that
ranges in thickness from tens to approximately 50 meters. This formation has a medium
to low spontaneous potential response and a “ratty” medium to high resistivity/
conductivity response. This unit is separated from the Nacatoch Formation (Late
Cretaceous) by a thin (10 meters) shale unit that produces a high spontaneous potential
response and a low to medium resistivity response. The Nacatoch Formation is
predominately sand with limestone and limey sand units throughout. It produces a
medium to low spontaneous potential response and a medium to high resistivity response
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(Figure 8). These formations are presumably the target of drilling in the area because
most of the available geophysical logs stop after these formations are reached.
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Figure 8. Arkadelphia/ Nacatoch Formation log response.

The Annona and Saratoga chalks (Late Cretaceous) are difficult to separate in
geophysical logs. These formations vary in combined thickness from approximately 30 to
approximately 100 meters. They exhibit a high spontaneous potential response and a
medium resistivity response. A visual marker within these formations was identified and
referred to as the “Saratoga bump.” The “Saratoga bump” is a consistent response that
appears in the form of two noticeable drops in the spontaneous potential response in
roughly the middle of the chalk formations. This “bump” does not necessarily occur
inside of the Saratoga Formation but it is a useful marker for identification of these two
formations (Fig. 9).
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Figure 9. Saratoga/ Annona Formation log response.

The Ozan Formation (Late Cretaceous) is approximately 50 meters thick and is
composed of sand. The Ozan produces a very low spontaneous potential response and a
“ratty” medium to low resistivity response (Fig. 10).
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Figure 10. Ozan Formation log response.

The Tokio Formation (Late Cretaceous) ranges in thickness from 2-3 to 30 meters
and is composed of sand mixed with clay lens. The Tokio produces a low spontaneous
potential response and a medium to high resistivity response in the existing sand units.
The shale units in the Tokio produce a high spontaneous potential and low resistivity
response. This rapid change between thin sand and thin shale units is useful in identifying
the Tokio in locations where the Ozan and Tokio are not separated by any readily
apparent changes in lithology (Fig. 11).
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Figure 11. Tokio Formation log response.

The Cotton Valley Formation (Upper Jurassic) varies in thickness from
approximately 70 meters or less to approximately 250 meters within the study area. The
Cotton Valley is predominately sand with shale. The Cotton Valley shows a medium
spontaneous potential response and a medium resistivity response. The Cotton Valley
contains thin sand units (1-2 meters) that are prominent spikes on the log of the mostly
uniform formation (Fig. 12). In wells where the Cotton Valley rests on top of the Eagle
Mills Formation these large spikes were used to separate the two formations.
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Figure 12. Cotton Valley Formation log response.

The Smackover Formation (Upper Jurassic) is a limestone. It is a thin formation
that ranges from tens to approximately 30 meters thick. The Smackover produces a low
to medium spontaneous potential response and a very high resistivity response (Fig. 13).
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Figure 13. Smackover limestone Formation log response.

The Eagle Mills Formation (Triassic) is composed of shale red beds with sand.
The Eagle Mills is very thick (over 350 meters in some logs). The Eagle Mills produces a
consistent high spontaneous potential response and a low to medium “ratty” resistivity
response. The spontaneous potential response of the Eagle Mills appears consistently
higher than the response for the Cotton Valley Formation and was used as an identifying
trait when the two are in contact (Fig. 14).
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Figure 14. Cotton Valley/ Eagle Mills log response.

The Drew Anhydrite member (Triassic) appears within the Eagle Mills
Formation. This previously un-described Anhydrite is so named herein because it appears
under Drew County. This formation is approximately 200 meters thick and produces a
low spontaneous potential and an extremely high resistivity response (Fig. 15).
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Figure 15. Drew Anhydrite Formation response.

After the criteria for identifying formations present under Drew County was
established the geophysical wells logs were correlated based on these formations. As
mentioned earlier, the Arkadelphia and Nacatoch Formations appear to be the target of
drilling in the area because many of the wells in Drew County go to a depth right below
these formations and then stop, presenting a problem in the form of lack of data.
Furthermore, some of the shallow formations (Sparta and higher) do not appear in all of
the well logs available. This could be because of extremely deep casing on wells or
because the companies that own the wells where this data is missing were not interested
in shallow formations.
The available geophysical logs were digitized from their JPEG format into a .las
format using NeuroLog® software. After the logs were in LAS format they were
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imported into NeuroSection® where the tops were picked visually using the criteria listed
above. NeuroSection® was used to create structural cross-sections of Drew County. The
data from the correlated logs in NeuroSection® was imported into ArcGIS® software for
the creation of structural contour maps of the top of each formation. Contour maps of the
Smackover, Cotton Valley, Eagle Mills, and Drew Anhydrite were not used due to the
lack of data at depth in the majority of available well logs. Surface contours were created
using the kringing method of statistical analysis.
The data used to create the structural contour maps were imported into Surfer®
8.0, and this software was used to create isopachous maps of the subsurface of Drew
County that were separated into Eocene, Paleocene, and Cretaceous. The contours were
created using the kringing method. Again, a lack of data at depth in the majority of the
wells created problems. These maps, as well as the structure maps, were overlain with the
borders of Drew County and compared to the extents of the graben in the subsurface.
The seismic profiles used in this study were acquired by the University of
Memphis for a nominal educational fee from Seismic Exchange Inc. The profiles were
released in a paper form with no accompanying depth migration data of any type. While
the use of these profiles was valuable to this study the lack of original data accompanying
the profiles prohibits quantitative analysis of the profiles in the form of depths to top of
formations, thickness of formations, or amount of displacement in the subsurface
structure. However, qualitative analysis is still useful and interpretation of the profiles
gives insight into the relative movement of the crust underneath Drew County and a basic
understanding of the geologic history of the area. When combined with the geophysical
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well log data from the area a reasonably accurate picture of the subsurface of Drew
County can be reconstructed.
As per the agreement with Seismic Exchange Inc. the actual shot points from the
lines are not used. Instead an arbitrary scale has been constructed for the purpose of
describing specific locations along the profiles. Also, a two-way travel time scale has
been included on the profiles to allow basic depths to be estimated. Profile E-W-1 runs in
a general East-West direction across Drew County while profiles N-S-1 and N-S-2 run in
a general North-South direction across the county (Fig. 2). The locations where these
profiles intersect are included on the profiles for correlation and accuracy.
Changes in lithology in the subsurface reflect seismic waves produced at the
surface to receptors on the surface and are used to create seismic profiles. The strength of
the reflector depends on the lithology of the formation, the depth of the formation, and
the thickness of the formation. Rocks such as carbonates and harder sedimentary rocks
such as sandstone give a strong reflection surface. Shale and other softer rocks give less
of a reflection response. Seismic reflectors can be masked in instances where thin units
exist or a soft unit is located directly underneath a very hard, reflective unit. The velocity
of the seismic waves also varies with lithology. Carbonates transmit seismic waves very
rapidly while shale units slow the velocity. Therefore depending on lithology a seismic
“pull-up” or “draw down” can occur when seismic waves travel through different
lithologies. In these instances formations may appear thicker or thinner and deeper or
shallower than they are in nature due to velocity change (McQuillin et al., 1980).
To correlate specific reflectors in the profiles with actual formations in the
subsurface, geophysical logs from Drew County that were near the profiles were used for
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comparison. These logs were overlain on top of the seismic profiles to see if any
recognizable formations in the logs correlated to reflectors in the seismic profiles.
Published descriptions on the nature and lithology of the subsurface formations were used
to identify the specific formations present in the profiles (Salvador 1991a; McFarland
1998). To compensate for seismic velocity pull-up and push-down caused by the change
of speed seismic waves encounter when travelling through different lithologies the logs
were cut up into different sections and stretched or shrunk and pasted onto the profiles
such that formations with reflective lithologies on the logs lined up with reflectors with
the same spacing.
The Paleocene Midway Formation, a thick shale that is consistently present
throughout the Mississippi Embayment area, was useful as a stratigraphic marker. This
thick shale appears as a prominent depth interval with no strong reflectors in the profiles.
The top of the Midway appears heavily incised by channels in the seismic profiles which
is consistent with shale exposed to fluvial activity during Wilcox deposition. The base of
the Upper Cretaceous Tokio Formation, a large angular unconformity (Salvador, 1991),
was used as another stratigraphic marker. The seismic profiles show reflectors truncating
upward into a thin series of strong reflectors that overlies them, so this was interpreted as
the base of the Tokio and the location of the Mid-Cretaceous angular unconformity.
These stratigraphic horizons were used as benchmarks for the identification of the
remaining reflectors in the profiles.
The Nacatoch, Saratoga, and Annona Formations and the Cane River and Sparta
Formations were grouped in the interpretations due to intrinsic properties of the
formations. The Nacatoch Formation is primarily composed of sand and overlies the
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Saratoga Formation, which in turn overlies of the Annona Formation. The lithology of
the Saratoga and Annona Formations is chalk. These formations are relatively thin (15-30
meters) so the reflector caused by the Nacatoch Formation is interpreted to mask the
reflectors created by the Saratoga and Annona Formations. The Sparta Formation is a mix
of shale and sand that overlies the Cane River Formation which is a thin shale
(approximately 70-100 meters). These formations were grouped together due to the thin
nature of the Cane River and the shallow depth of the formations.
The strong anhydrite reflector in the profiles was used as a defining marker for the
edges of the graben below Drew County. The mineralogy of anhydrite for the formation
was determined by examination of the well cuttings from well #122. Anhydrite is
relatively dense and therefore produces a strong reflection response. This response is only
found at specific intervals in the seismic profiles and within the Eagle Mills Formation
making it ideal for defining the extents of the Drew County graben.
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RESULTS
The stratigraphic and structural features described in this chapter are my
interpretations based on seismic reflection and well log data.
Seismic Profiles
N-S-1. Seismic profile N-S-1 (Fig. 16) runs in a north-south direction through the
western part of Drew County (Fig. 2). A detachment fault runs along the bottom of the
Eagle Mills Formation at the interface between the Eagle Mills and the local Paleozoic
bedrock. This detachment fault is visible as a change in character of seismic reflectors
between the Eagle Mills and the local bedrock such that the Eagle Mills is more
transparent. The extensional graben faults down-dip terminations were also used as a
defining factor in the location of the detachment fault. The depth of this detachment fault
varies under Drew County. On the Southern end on the profile the detachment fault
enters Drew County at approximately 3000 meters (9000 feet) below sea level. This
depth is estimated using a log depth of the Drew anhydrite of approximately 2000 meters
(6000 feet) (well 122, Fig. 15). Seismic velocity data was not available for any of the
seismic profiles interpreted for this survey so a more accurate depth estimate is not
available. The detachment fault becomes more shallow in the subsurface as it progresses
north across Drew County reaching its deepest point (3150 meters) directly underneath
the southern edge of a faulted structure located at approximately point 43 on the profile
(Fig. 16). The surface rises rapidly northward of this structure at approximately point 63
and a dramatic decrease in depth of the detachment fault occurs north of point 70 where it
rises to approximately 2000 meters (6000 feet) below sea level.
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Figure 16. Seismic Profile N-S-1. Seismic data provided by the Seismic Exchange, Inc.; interpretation is that of the author.

The Eagle Mills Formation (yellow on Fig. 16) overlies the detachment fault. This
formation contains an interpreted graben under Drew County. The Eagle Mills ranges
from 1000 to 1300 meters (3000 to 4000 feet) thick in the profile. The south edge of the
structure at point 42 on the profile (Fig. 16) is a fault that dips north and terminates at the
detachment fault at point 44. The north side of this structure shows a fault that dips south
starting at point 64 and terminates at the detachment fault at point 61. This structure has
the shape of a full graben. Another structure at the southern end of the profile is a fault
dipping southward at point 6 and terminates off of the profile, outside of Drew County.
The structures in N-S-1 are contained entirely within the Eagle Mills formation. Also
within the Eagle Mills, but more specifically inside of the graben structure, is the Drew
Anhydrite. This anhydrite appears in geophysical well logs at approximately 2000 meters
(6000 feet) depth at a thickness of approximately 160 meters (500 feet). The anhydrite
begins at the southern fault of the graben within the Eagle Mills and rises in elevation
slightly northward and finally terminates at the north fault of the graben. The anhydrite
does not appear outside of the graben, dating it to sometime during the deposition of the
Eagle Mills (Triassic). A curious side note is that the anhydrite does not appear in the
southern structure that is partially visible in N-S-1. This may be because the structure is
only partially visible in this profile or because the anhydrite is unique to the structure
under Drew County.
A compressional fault between approximately point 59 and the northern bounding
fault of the graben displaces the Eagle Mills and Drew anhydrite. The compressional fault
is contained within the Eagle Mills but appears to affect the Smackover limestone and
Cotton Valley Formations in the form of slight arching.
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The Smackover Limestone (light blue) overlies the Eagle Mills Formation and is
Jurassic in age. The Smackover truncates northward along N-S-1 and first pinches out at
point 50, then reappears at point 52 until it pinches out again at point 57, and then
reappears after the north fault of the graben at point 63 where it pinches out again at point
64 (Fig. 16). The Smackover pinches out in an angular unconformity at the base of the
Tokio Formation (olive green). The Smackover shows up in geophysical logs within
Drew County as a thin formation (30-70 meters or less).
The Cotton Valley Formation (brown) overlies the Smackover Formation and
truncates at the Tokio Formation in an angular unconformity. The Cotton Valley first
pinches out at point 49 and then reappears on the north side of the northern fault that
bounds the graben and pinches out again at point 67 (Fig. 16). The Cotton Valley thins
northward through Drew County and eventually pinches out.
The Ozan/ Tokio Formations (olive green) enter Drew County at its southern
border at approximately 1300 meters depth and increase in depth towards the north to
approximately 1600 meters below sea level. The base of these formations represents an
angular unconformity at which the Cotton Valley, Smackover, and Eagle Mills
formations are truncated. The Tokio and Ozan Formations appear on geophysical well
logs at a maximum of 200 feet in thickness and appear to thin towards the north slightly.
This thinning occurs over the graben while the overall thickness of these formations
remains constant south of the graben.
The Nacatoch/ Saratoga/ Annona Formations (dark blue) enter southern Drew
County at approximately 1200 meters below sea level. These formations thicken
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northward as they increase in depth below the surface. These formations exit Drew
County at its northern extent at a depth of approximately 1500 meters below sea level.
The Arkadelphia Formation enters southern Drew County and maintains its
thickness throughout the profile. The depth of this formation increases northward from
approximately 1200 meters at its southern extent to approximately 1300 meters at its
northern extent.
The Midway Formation top enters southern Drew County at a depth of
approximately 800 meters. The Midway Formation thickens to the north to approximately
1000 meters.
The Wilcox Formation maintains a formation top depth of approximately 500
meters across Drew County. The formation maintains a constant relative thickness
throughout the profile.
The top of the Sparta Formation does not appear to change depth across the
profile and maintains an approximate depth of 300 meters.
N-S-2. Seismic profile N-S-2 (Fig. 17) runs in a north/south direction across
central Drew County (Fig. 2). A detachment fault runs the length of the profile between
the top of the local Paleozoic bedrock and the bottom of the Eagle Mills Formation. The
local bedrock shows some stratification but due to depth of these reflectors and lack of
geophysical log control these structures are not interpreted.
The detachment fault enters Drew County at its southern border at a depth of
approximately 3000 meters below sea level. The detachment fault rises across the
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Figure 17. Seismic Profile N-S-2. Seismic data provided by the Seismic Exchange, Inc.; interpretation is that of the author.

profile to the north. At point 42 the detachment fault rises more rapidly to a depth of
approximately 2000 meters.
The Eagle Mills Formation overlies of the detachment fault. It enters Drew
County to the south at a depth of approximately 1300 meters. The top of the Eagle Mills
remains at a constant depth across the profile but thins northward to a thickness of
approximately 600 meters, within the Eagle Mills a structure exists that appears to have
the shape of a full graben. The southern extent of this graben is bounded by a fault that
dips northward and begins at point 2 and terminates into the detachment fault at point 6
(Fig. 17). The northern end of this structure is bounded by a fault that dips southward and
begins at point 34 and ends at point 37. Within this graben there is another structure that
is located in between point 8 and 15. This structure is bounded by two faults and appears
to be compressional in nature due to uplift and arching of the formations between the
bounding faults. This structure appears to extend to at least the top of the Wilcox if not to
the surface.
As with N-S-1 the Drew anhydrite is within the Eagle Mills Formation. The Drew
anhydrite is bounded on the south by the southern-most fault of the graben and on the
north by the northern-most fault of the graben. The anhydrite does not thicken across the
profile. It does rise northward from approximately 2000 meters at the southern end of the
profile to approximately 1600 meters below sea level in the north. The Drew anhydrite is
deformed inside of the faulted structure within the graben in the form of a compressional
uplift.
The Smackover appears as a thin formation at the south end of the profile and
truncates into the Eagle Mills Formation at point 24 (Fig. 17). The Cotton Valley
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Formation appears at the southern end of the profile and pinches out northward in an
angular unconformity at point 23 into the Tokio Formation.
The bottom of the Tokio Formation represents an angular unconformity that
truncates the top of the Cotton Valley, Smackover, and Eagle Mills Formations. The top
of the Ozan Formation appears at the southern end of the profile at approximately 1300
meters deep and increases in depth towards the northern end of the profile to
approximately 1600 meters below sea level. Toward the northern end of the profile these
formations appear more deformed than their southern counterparts and their thickness
varies at this part of the profile.
The Nacatoch/ Saratoga / Annona Formations appear at the southern end of the
profile at a depth of approximately 1250 meters below sea level. The thicknesses of these
formations remain relatively constant across the profile but the formations increase in
depth to the north of the profile to approximately 1500 meters below sea level.
The Arkadelphia Formation retains its thickness throughout the profile. This
formation decreases in elevation across the profile from approximately 1200 meters to
approximately 1600 meters below sea level.
The Midway Formation appears at the southern end of the profile at
approximately 800 meters below sea level. The top of the Midway Formation decreases
northward slightly into the subsurface by 70 meters below sea level but the thickness
increases to the north.
The Wilcox Formation appears in the southern part of the profile and remains at a
constant approximate depth of 500 meters below sea level.
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At the southern end of the profile the Sparta Formation is at an approximate depth
of 300 meters feet below sea level. The depth and thickness of this formation remains
constant throughout the profile.
E-W-1. Seismic profile E-W-1 (Fig. 18) runs in an east/ west direction across the
southern part of Drew County (Fig. 2). A detachment fault is visible along the top of the
local Paleozoic bedrock and the bottom of the Eagle Mills Formation. This detachment
fault enters Drew County in the west at approximately 3000 meters below sea level. The
detachment fault remains at a constant depth until it reaches point 55 where it begins to
become shallower in depth to the east (Fig. 18). At point 80 the detachment fault takes a
sharp turn towards the surface and leaves the eastern extent of Drew County at
approximately 2000 meters below sea level.
The Eagle Mills Formation ranges in thickness across the profile from
approximately 1300 meters in the west and thins to the east to approximately 800 meters.
The thickness of the formation remains relatively constant until point 55 when it begins
to rapidly thin eastward as the detachment fault rises. There is a graben contained within
the Eagle Mills Formation. The western fault of the graben is masked by a data gap on
the surface that obscures the reflectors below it. For this reason this fault is marked by a
dashed line. The presence of a fault in this area is inferred by the termination of the Drew
Anhydrite. The eastern bounding fault of this graben dips west and begins at point 54 and
terminates up-dip into the Smackover limestone at point 60 (Fig. 18).
The Drew Anhydrite appears exclusively inside of the graben on the profile and
was partially used to bound the extents of the structure in the subsurface of Drew County.
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Figure 18. Seismic Profile E-W-1. Seismic data provided by the Seismic Exchange, Inc.; interpretation is that of the author.

The anhydrite decreases in depth below sea level from approximately 1600 meters to
approximately 2000 meters below sea level from west to east. The Drew anhydrite
terminates to the west at approximately point 24 and to the east at approximately point 57
(Fig. 18). The Drew anhydrite is displaced at point 55 in the form of a fault caused by
apparent compressional uplift. The Eagle Mills arches between the fault at point 55 and
the eastern bounding fault of the graben. The compressional fault does not appear to
displace the Smackover Limestone or the Cotton Valley Formations.
The Smackover Formation remains visible throughout the entire profile as
opposed to profiles N-S-1 and N-S-2 where it truncates at the Tokio Formation in an
angular unconformity. In the other two profiles the Smackover truncates northward, and
thus 202-1195 was shot far enough south that the Smackover has yet to terminate. The
Smackover is consistently thick across the profile yet increases in depth below sea level
to the east from approximately 1600 meters to approximately 1700 meters. The
Smackover is thinned and deformed above the bounding faults of the graben at points 24
and 60 in a manner that suggests uplift and erosion.
The Cotton Valley Formation appears in the western part of the profile as a thin
formation and thickens towards the east. The formation also increases in depth below sea
level eastward from approximately 1300 meters to approximately 1600 meters. The
Cotton Valley truncates into the bottom of the Tokio Formation and is absent between
points 22 and 26 (Fig. 18) but otherwise remains present throughout the profile. The area
where the Cotton Valley truncates is directly over the western bounding fault of the
graben suggesting uplift and erosion.
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The Ozan/ Tokio Formations decrease slightly in elevation below sea level
eastward from approximately 1300 meters to approximately 1500 meters. The formations
thin over the bounding faults of the graben, particularly over the western bounding fault
suggesting uplift during deposition or uplift and erosion after deposition. Aside from the
thinning of these formations above the graben’s bounding faults the formations are
deformed in the eastern part of the profile consistent with folding caused by compression
(Fig. 18).
The Nacatoch/ Saratoga/ Annona Formations appear at the western margin of
Drew County at approximately 1200 meters below sea level. These formations retain
their thickness across the profile but decrease in elevation to the east to approximately
1400 meters depth below sea level.
The Arkadelphia Formation appears in the western part of the profile at 1100
meters below sea level. The thickness of this formation is maintained across the profile
but the formation increases in depth below sea level eastward to approximately 1300
meters. The Arkadelphia does not appear to be affected by the bounding faults of the
graben below Drew County.
The Midway Formation appears at a depth of 1200 meters below sea level at the
western margin of Drew County. The top of the Midway appears to maintain a relatively
constant depth below sea level but the formation thickens eastward.
The Wilcox Formation appears on the eastern part of the profile at approximately
800 meters below sea level. The top of the formation maintains a constant depth at
thickness across the profile.
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The Sparta Formation appears at an approximate depth of 300 meters below sea
level. The Sparta maintains its depth and thickness across the length of the profile.
Top of Formation Structure Contour Maps. The red lines on the formation
contour maps (Fig. 19-27) represent the extent of the subsurface graben beneath Drew
County. The extent of the graben was constrained using the points on the seismic profiles
where the bounding faults of the graben appear and the available geophysical well logs
that are deep enough to show the Drew anhydrite. The dashed lines represent the inferred
direction of this graben where wire-line log data and seismic data were not available. The
width of the graben is approximately 40 km (25 miles) at its widest point in the middle of
Drew County and approximately 16km (10 miles) at its narrowest in the northwest
portion of Drew County. The graben strikes northwest/ southeast diagonally across Drew
County. Structure top contour maps were created for the following Formations: Sparta,
Wilcox, Midway, Arkadelphia, Nacatoch, Saratoga, Ozan, Tokio, and Cotton Valley. The
Smackover, Eagle Mills, and Drew anhydrite do not have structure maps due to the lack
of deep well control.
The Cotton Valley map shows the top of the formation following a general trend
of increase in depth below sea level from the southwestern part of Drew County to the
northeastern (Fig. 19). All of the available wells in Drew County were not used in the
creation of this map due to a lack of deep well control. The contours of the Cotton
Valley narrow over the graben. This points to at least some control of the dip of the
Cotton Valley Formation by the graben beneath Drew County. The contours in the
northern extent of the county also turn to orient themselves with the graben as they enter
the county providing further evidence for control by the structure. A curious contour
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Figure 19. Top Cotton Valley Formation Structure Contour Map. Red lines represent Triassic
faults.

structure exists in the southeastern part of the graben where the -3,990- -3940 foot
contour extends southwestward into the deeper contours against the overall trend of
northwest to southeast alignment of the contours.
The top of Tokio contour map shows an overall trend of contours increasing in
depth below sea level from the southwest of Drew County to the northeast (Fig. 20). The
contours enter Drew County at the north and the turn to align with the general northwest
to southeast strike. Contours outside of the graben follow a general trend of a north/ south
strike and then follow the northwest/ southeast strike inside the graben, and contour
spacing decreases inside of the graben.
The Ozan Formation structural contour map follows a general trend of increase in
depth below sea level from the southwest to the northeast (Fig. 21). While the top of the
Ozan dips more steeply inside of the graben, the direction of the contours are not as
parallel to the structure as are contours of deeper formations. The contours do turn to
align themselves with the graben as they enter Drew County from the north, but the turn
is not as dramatic as in deeper formations.
The top of the Saratoga Formation follows a general trend of increasing depth
below sea level from the southwest to northeast in Drew County (Fig. 22). As contours
enter Drew County at the north they follow a general north/ south trend and turn to follow
the general northwest/ southeast trend of the graben, and contour spacing decreases inside
of the graben
The Nacatoch formation top follows a general trend of increasing depth below sea
level from the southwest of Drew County to the northeast of Drew County (Fig. 23). The
contour spacing decreases, indicating an increase of dip over the graben.
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Figure 20. Top Tokio Formation Structure Contour Map. Red lines represent Triassic faults.
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Figure 21. Top Ozan Formation Structure Contour Map. Red lines represent Triassic faults.
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Figure 22. Top Saratoga Formation Contour Map. Red lines represent Triassic faults.
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Figure 23. Top Nacatoch Formation Structure Contour Map. Red lines represent Triassic faults.

The contours align with the graben after entering Drew County to the north but not in the
dramatic fashion of some deeper formations. The contours enter Drew County at a slight
northwest/ southeast orientation and turn to align with the overall northwest/southeast
trend of the graben once inside it.
The Arkadelphia formation structural contour map follows a general trend of
increasing depth below sea level from the southwest to the northeast (Fig. 24). The
contour spacing of the Arkadelphia decreases over the graben, but the top of the
Arkadelphia does not appear to follow the general trend of the graben.
The Midway Formation follows a general trend of increasing depth below sea
level from the southwest of Drew County to the northeast (Fig. 25). The contours follow
the general trend of the graben running from the northwest of Drew County to the
southeast. The contours enter Drew County at the north and turn and align with the
graben after entering it. In the middle of the county a structure exists where a single well
shows the Midway dropping from approximately 2500 feet below sea level to
approximately 2900 feet below sea level. This may represent a section of the Midway
that is incised deeply by a Wilcox channel.
The Wilcox Formation follows a general trend of increasing depth below sea level
from the southwest of Drew County to the northeast (Fig. 26). The contour spacing of the
Wilcox decreases over the graben, but the formation does not appear to be effected by the
graben. The contours enter Drew County at the north in a north/ south orientation and
retain this orientation after they cross the graben. After the contours exit the graben they
take a slight turn to the southwest. This is dissimilar to all deeper formations. Wells
within the structure show a drop in depth below sea level relative to surrounding wells.
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Figure 24. Top Arkadelphia Formation Structure Contour Map. Red lines represent Triassic
faults.
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Figure 25. Top Midway Formation Structure Map. Red lines represent Triassic faults.
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Figure 26. Top Wilcox Formation Contour Map Red lines represent Triassic faults.

This could represent a section of the Wilcox where channelization during Sparta
deposition has occurred.
The Sparta Formation follows a general trend of increasing depth below sea level
from the northwest to the southeast (Fig. 27). The contours of the Sparta Formation run
perpendicular to northwest/ southeast trend of the graben. The Sparta Formation top does
not appear to have any relationship with the subsurface structure of Drew County.
Isopachous Maps. The Isopachous maps were created based on time periods as
opposed to by formation as the structural contour maps. A Jurassic isopach map was not
included due to lack of well control at depth.
The Upper Cretaceous isopach map follows a general trend of thickening from the
northwest to the southeast (Fig. 28). At the southeastern section of the graben an area of
marked thickening occurs. In this area the Upper Cretaceous thickens from 740 feet to
approximately 920 feet in a very small distance and area. The general trend of the
contours runs perpendicular to the general trend of the graben and this structure does not
appear to have any relationship with the thickness of formations deposited during the
Upper Cretaceous.
The Paleocene isopach map follows a general trend of thinning from the north to
the south of Drew County (Fig. 29). There is an area of increased thinning in the central
part of Drew County that straddles the graben in the subsurface, but the contours of the
Paleocene isopach map run perpendicular to the graben and do not appear to have a
relationship with it.
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Figure 27. Sparta Formation Top Contour Map. Red lines represent Triassic faults.
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Figure 28. Upper Cretaceous Isopach Map. Contour Interval 20 ft.
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Figure 29. Paleocene Isopach Map. Contour Interval 20 ft.

The Eocene isopach map follows a general trend of thinning from the northeast to
the southwest (Figure 30). The contours inside and outside of the graben have no
relationship with the graben in the subsurface of Drew County.
Cross-Sections. A cross-section location map is offered as figure 31. All of the
cross-sections have a 10X vertical exaggeration. Where specific formations do not appear
on the cross-sections that formation was not logged in the specific well on the crosssection. Deeper formations such as the Smackover and the Eagle Mills do not appear on
the cross-sections due to lack of deep well control.
Cross-section A-A’ runs in a general southwest to northeast direction (Figure 32)
and covers wells 113, 125, 137, 138, 150, 158, 163, 185, 197, and 218 starting at the
southwest. All of the formations increase in depth below sea level from southwest to
northeast. The Saratoga/ Annona Formations (red) decrease in thickness across the crosssection while the Nacatoch Formation thickens across the cross-section. The Midway
drops slightly at well 138 but resumes its general elevation and slope almost immediately.
The Ozan Formation becomes horizontal between well 150 and 158 and then resumes a
northeast dip. The only major observed change in the Cook Mountain and Sparta
Formations occurs at well 137 where the formations dip into a structural low. None of the
deeper formations are affected at this location so it is unlikely that the subsurface graben
in Drew County is related to this low. The graben runs underneath the cross-section
approximately between well 137 and well 163. The Tokio Formation and higher
formations do not appear to be affected by the graben.
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Figure 30. Eocene Isopach Map. Contour Interval 40 ft.

Figure 31. Cross-section Location Map.
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Figure 32. Cross-section A-A’, Drew County, Arkansas.

Cross-section B-B’ runs in a general south/ north direction (Fig. 33) and includes
wells 125, 122, and 120 from the south of the section. The formations dip north. The
Ozan Formation (dark blue) thickens towards the northern end of the cross-section. The
Midway Formation also thickens at the northern end of the cross-section while the
Wilcox thins at the same location. All other formations appear to retain their thickness
throughout the cross-section. The graben beneath Drew County lies under the crosssection between approximately the half-way point between wells 125 and 122 and just
south of well 120. The formations in this cross-section do not appear to be effected by the
graben.
Cross-section C-C’ runs in a southwest to northeast direction in the western
section of Drew County (Fig. 34) and includes wells 113, 122, 128, and 133 from the
south to the north. The Midway Formation thickens slightly at the northern end of the
cross-section while the Wilcox Formation thins. The formations dip slightly to the north.
The formations deeper than the Midway in the cross-section retain their thickness
throughout. The northern end of the cross-section is located inside of the subsurface
graben between the half-way point of wells 113 and 122 and just south of well 128, and
this structure does not affect the formations above the Tokio (yellow).
Cross-section D-D’ runs in a general southwest to northeast direction across the
eastern part of Drew County (Fig. 35) and includes wells 155, 171, 176, 183, 188, 212,
and 218 from the south to the north. The graben beneath Drew County appears beneath
the cross-section between wells 171 and 188. The Cotton Valley Formation (brown)
drops 300 feet to the north at the southern margin of the graben then rises to the northern
margin of the graben approximately at well 188 where it resumes a gentle dip towards the
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Figure 33. Cross-section B-B’, Drew County, Arkansas.
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Figure 34. Cross-section C-C’, Drew County, Arkansas
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Figure 35. Cross-section D-D’, Drew County, Arkansas.

northeast. The Tokio Formation (yellow) follows the same trend where it drops
approximately 100 feet at the southern end of the graben (Fig. 35), then rises slightly
before resuming the low northward dip that is characteristic of the other formations
present. Formations at a shallower depth than the Tokio Formation do not appear to be
effected by the graben.
Cross-section E-E’ runs in a general southwest to northeast direction in the
southeastern part of Drew County (Fig. 36) and contains wells 155, 191, and 209 from
the southwest to the northeast. The formations dip slightly to the northeast and retain
their thickness and basic dip across the cross-section. The graben appears below the
cross-section inside of the halfway mark between well 155 and 191 and south of well
209. The formations present are not affected by this structure in the subsurface.
Cross-section F-F’ runs in a general south/ north direction through Drew County
(Fig. 37) and contains wells 171, 168, 160, and 163. The cross-section is located entirely
within the graben. The formations dip slightly to the north and do not appear to be
effected by this structure.
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Figure 36. Cross-section E-E’, Drew County, Arkansas
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Figure 37. Cross-section F-F’, Drew County, Arkansas.
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DISCUSSION
The structure located beneath Drew County is a full graben rooted in a subhorizontal detachment fault. The graben is at least 25 km wide in the central part of Drew
County and narrows to approximately 10 km in the northwest of Drew County (Fig 2). It
has been documented that a Triassic/ Jurassic rift system is located in the study area
(Thomas, 1989) and that this rift system illustrates the initial stages of rifting that opened
the Gulf of Mexico (Salvador, 1991). The graben and detachment fault under Drew
County are part of this rift system. The literature states that this rift system was active
during the Triassic and Jurassic before the bulk of active rifting moved to the south along
the current Texas coast during the Jurassic (Salvador, 1991). The mechanisms behind this
shift in location of active rifting are beyond the scope of this study, and only the nature
and timing of deformation in this area are discussed herein.
The graben underneath Drew County is part of a rift system that is undeveloped in
comparison to a very well developed and documented rift system (the east coast of the
United States). The Newark basin is composed of a series of half-grabens that dip in the
direction of the initial rift (Withjack et al., 1998). This basin is well documented to have
gone beyond the stage of rifting and into the seafloor spreading. Most of the basins up
and down the east coast of the United States show this characteristic. The Drew County
basin, however, is a full graben. While the Newark basin, and other basins on the east
coast of North America underwent a long period of crustal stretching where multiple
half-grabens above a detachment fault and large scale deformation could develop, the
Drew County graben was formed in the very earliest stages of continental rifting. This
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rifting stopped shortly (in plate tectonic terms) and the predominate forces of crustal
stretching and rifting moved to another location. This early termination of rift forces
caused the Drew County graben to stop in the full-graben stage of development. Had
rifting continued it is likely that the Drew County graben would have grown into a halfgraben system analogous to the Newark basin and developed into sea floor spreading and
continental drift.
Constraining time of deformation for the graben and associated detachment
faulting beneath Drew County is a primary goal of this study. Examination of the
interpreted seismic profiles provides multiple possibilities for time constraints for the
Drew County graben. All available profiles show the graben is primarily located within
the Eagle Mills Formation (Fig. 16-18) which is dated to the Triassic (McFarland, 1998).
The bounding faults of the graben appear to terminate up-section at the base of the
Smackover Formation. While the termination of the graben bounding faults is evidence
that deformation ended before the Jurassic, evidence exists that points towards the
continuation of deformation past this time in styles other than active rifting and crustal
stretching. The lack of normal displacement and continuation of the graben’s bounding
faults in to younger formations suggests that movement on the detachment fault caused
by active rifting in Drew County was restricted to the Triassic deposition of the Eagle
Mills and that the active rifting ceased in the area before the deposition of the Jurassic
Smackover limestone.
The amount of graben displacement caused by movement on the detachment fault
can be illustrated by the presence of the Drew anhydrite. At its thickest the Drew
anhydrite is observed to be approximately 500 feet thick in well 122 (table 1). The
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thickness of the Drew anhydrite is a measure of the minimum amount of fault throw
experienced in the graben during active rifting. As the area underwent crustal stretching,
detachment faulting caused by active rifting drove subsidence of the graben underneath
Drew County. This subsidence allowed highly saline water to inundate the area above the
graben where the anhydrite was created. As the Drew anhydrite is not located outside the
graben beneath Drew County deposition of the anhydrite is interpreted to have been
confined by the graben basin. The stratigraphic position of the anhydrite within the Eagle
Mills suggests that the displacement caused by active rifting of the graben was confined
to the Triassic. As active rifting moved to the south, the terrestrial Eagle Mills continued
deposition over the top of the anhydrite.
After the deposition of the Eagle Mills the marine Smackover and the marginal
marine Cotton Valley Formations were deposited. These formations are truncated at the
base of the Tokio Formation in seismic profiles N-S-1 (Fig. 16) and N-S-2 (Fig. 17) but
remain over the entirety of profile E-W-1 (Fig. 18). These formations truncate to the
north in an angular unconformity that is located at the base of the Tokio Formation. The
Tokio Formation is dated as Upper Cretaceous (McFarland, 1998). The existence of the
angular unconformity is evidence for a Cretaceous episode of uplift and erosion that
affected the area of Drew County.
The uplift appears to be to the north and east of Drew County as evidenced by the
un-eroded nature of the Smackover and Cotton Valley Formations in the southern part of
Drew County and the observed uplift and erosion of the Eagle Mills, Smackover, and
Cotton Valley in the north of Drew County. The Drew anhydrite also decreases in depth
below sea level northward through the profiles. Documented uplift caused by igneous
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intrusion is located to the south and east of Drew County in the form of the Monroe gas
rock and the Jackson Dome during the Cretaceous (Salvador, 1991; Baksi, 1997). This
igneous activity could be the cause of the uplift and erosion of the Triassic and Jurassic
sediments in Drew County as it fits into the time constraints of local deformation and no
other candidates for massive Cretaceous uplift are documented in the area.
In profile E-W-1 (Fig. 18) compression and uplift of the graben are evident from
the erosion of the Cotton Valley at approximately point 25 over the western bounding
fault. The arching of the anhydrite and Smackover limestone below the gap in the Cotton
Valley in the vicinity of point 25 argues that the Cotton Valley was uplifted in
compressional reactivation of the graben fault, then eroded. The uplift on the western side
of the graben in the south of Drew County was more severe that the east side of the
graben in this area as evidenced by the presence of the Cotton Valley in the east of this
profile.
Uplift to the north and east during the Lower Cretaceous is evident from the
extent of Smackover limestone. In profile N-S-1 (Fig. 16) the Smackover continues
farther into the graben than it does in N-S-2 (Fig. 17). N-S-2 is the easternmost of the two
profiles and would be have been subjected to greater uplift and erosion to the north and
east of Drew County. However, the presence of the Cotton Valley over the eastern
bounding fault of the graben on profile E-W-1 (Fig. 18) is not consistent with increasing
uplift to the east. This could be explained by increased subsidence of the graben at this
location. The eastern edge of the graben in profile E-W-1 is lower than the western edge
of the graben. In the profile there is an observed drop in the anhydrite as well as the Eagle
Mills to the east. Above the eastern extent of the graben the Smackover and Cotton

79

Valley Formations are arched in the manner of compressional uplift. This is evidence for
uplift of the entire graben, but due to the greater subsidence of the east section of this area
erosion was not as severe as it was at the western section where subsidence is not as
pronounced. An alternate explanation for this would be the difference in the angle of the
bounding faults of the graben. Slip on the steeply dipping western fault will be almost
entirely vertical displacement but on the gently dipping eastern side, the bulk of
displacement would be heave.
While the Tokio/ Ozan Formations thin to the north in profiles N-S-1 (Fig. 16)
and N-S-2 (Fig. 17), evidence of deformation caused by the graben is not apparent. The
Tokio/ Ozan is not deformed over the bounding faults of the graben as the Smackover,
Cotton Valley, and Eagle Mills are. The Tokio/ Ozan shows the slowing and eventual
cessation of uplift during the Upper Cretaceous. As the Tokio/ Ozan Formations were
being deposited and covered the previously eroded Jurassic and Triassic formations,
continued but diminished igneous activity to the north and east restricted thicker
deposition to the south and west.
The Saratoga, Annona, Nacatoch, Arkadelphia, Midway, Wilcox, and Sparta
formations all thicken to the north and east towards the location of the Desha basin (Fig.
1). It is conceivable that the Desha basin was the location of the Cretaceous uplift that
caused reactivation of the graben. If prolonged and severe uplift affected the area of the
Desha basin it would have been subjected to increased erosion. After the igneous activity
ceased and the area subsided, a basin would have been created. This is a possible
explanation that is purely speculative.
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On the reflection profiles Cenozoic formations do not appear to be affected by the
graben with the exception of one location which will be discussed momentarily. These
formations appear relatively horizontal and un-deformed across all of the profiles
available. It appears that the forces of rifting and subsequent uplift and compression do
not affect formations deposited after the Cretaceous.
In profile N-S-2 (Fig. 17) a structure exists that presents evidence that
deformation has occurred after the Cretaceous. Between points 7 and 16, a compressional
flower structure is visible. This structure begins at the detachment fault located between
the base of the Eagle Mills Formation and the local Paleozoic bedrock and continues
through the Eagle Mills and possibly to the surface. Cox et al. (2000) report surface faults
in this area, and faults on N-S-2 appear to displace Cretaceous, Paleocene, and Eocene
formations present below Drew County. Displacement and deformation of the anhydrite
located in with the Eagle Mills Formation indicate uplift and compression. While this
evidence is interesting it is not a definitive sign that deformation related to the graben
continues in the present.
The structure maps created provide evidence that the graben beneath Drew
County has remained active through the Paleocene or, at the very least, as exerted some
control on the deposition of formations since the Jurassic. Formation tops from the
Cotton Valley through the Wilcox all show the same general trend of increasing depth
below sea level from the southwest to the northeast (Fig. 19-26). The contours of the
formation tops enter Drew County from the north and turn abruptly when entering the
graben to follow the general northwest to southeast strike of the graben. The contour
spacing decreases over the graben indicating a steeper dip over the graben. This could be
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evidence for continued and prolonged subsidence of the eastern side of the graben
through deposition of the Wilcox during the Lower Eocene. The Sparta Formation
(Upper Eocene) (Fig. 27) thickens towards the Desha basin. The Sparta appears to have
deeper areas inside of the graben but does not appear to be affected in the same way as
deeper formations. This could be due to a topographic low created by subsidence before
deposition but not active control of the Sparta during deposition.
The cross-sections created do not show evidence for deformation occurring after
the latest part of the Upper Cretaceous. While most cross-sections show formations
gently sloping towards the north and east, cross-section D-D’ (Fig. 35) shows a drop in
elevation at the western extent of the graben through the Arkadelphia Formation
(uppermost Cretaceous). This provides evidence of subsidence of the structure through
the entirety of the Cretaceous after the igneous uplift.
The isopach map for the Upper Cretaceous shows an area of thickening to the
south of Drew County near the eastern extent of the graben. This could be evidence of
syndepositional subsidence in this part of the graben during the Upper Cretaceous. The
formations generally thicken towards the northeast which indicates subsidence in that
area. This is evidence that the compression caused by igneous uplift in the area was
abating by the Upper Cretaceous but subsidence was more active in the south of Drew
County particularly on the western margin of the graben located there. The Paleocene
and Eocene isopachous maps (Figs. 29-30) show a general trend of thickening toward the
Desha basin in the northeast. Both of these maps show an area of formation thinning
around well 138 in the southwest central part of Drew County. While most of this
thinning appears in the Paleocene there is some associated thinning in the Eocene as well.
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This thinning does not seem to be related to the graben but is interesting. For the thinning
to occur, local uplift and erosion should accompany these areas. Perhaps this is evidence
for uplift by an igneous intrusion in the area during the Paleocene or evidence for a
Cretaceous pluton that created an environment where less sediment was deposited over a
topographic high with higher sedimentation in the surrounding lower areas.
It is possible that the Drew anhydrite is analogous to the Werner anhydrite found
to the south. While the Drew anhydrite is previously undescribed in the literature and
does not outcrop, the Werner anhydrite is well documented (Salvador, 1991). If this is the
case then the Drew anhydrite is not contained within the Eagle Mills Formation but is
sandwiched between the Eagle Mills Formation and the Jurassic Norphlet Formation.
This would date the active rifting of the area into the Jurassic. This still leaves the
cessation of rifting before the deposition of the Smackover and Cotton Valley
Formations.
This abandoned graben was again affected by tectonic forces in the form of
igneous uplift to the north and east in the Cretaceous. Most of this uplift was confined to
the Lower Cretaceous as evidenced by the angular unconformity at the base of the Upper
Cretaceous Tokio and the truncation of the Jurassic Cotton Valley and Smackover
formations. This igneous uplift abated but remained positive during the Upper Cretaceous
as evidenced by the thickening of the Tokio/ Ozan Formations away from the area of
uplift.
There is evidence that this area is still tectonically active. Displacement and
deformation in seismic profile N-S-2 (Fig. 17) that may cut through Eocene sediments as
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well as structural contour maps that indicate control of formations by the graben are
evidence that the area is not tectonically stagnant.

CONCLUSION
The graben and detachment fault beneath Drew County are associated with the
early stages of rifting that opened the Gulf of Mexico. The graben is located entirely
within the Triassic Eagle Mills Formation so timing for active rifting in the area can be
constrained to the Triassic. Subsequent uplift during the Cretaceous in the form of
igneous intrusion provided compressional forces to reactivate the graben and cause
erosion of the Eagle Mills, Smackover, and Cotton Valley Formations and the creation of
the Cretaceous angular unconformity at the base of the Tokio Formation. The structural
contour maps of the stratigraphic formations and surface faults connected to
compressional structures inside of the graben show control of sedimentation by the
graben through the Eocene.
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